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ELECTRONIC FUNDAMENTALS, LESSON 8 


Theory Lesson 8 


INTRODUCTION 

This lesson is one of the most important 
and most difficult lessons you will study in 
this course. Do not rush; take time enough 
to study it carefully. As suggested in the 
Introduction to this course, it would be a 
good idea to read through the entire lesson 
rapidly, just to get an idea of what it’s all 
about. Then return to the beginning and 
study each paragraph carefully; make sure 
that you understand what is said before you 
go on to the next paragraph. It may be nec¬ 
essary to read through a paragraph several 
times and to examine the illustrations just 
as many times before you can be sure that 
you are ready to go ahead. Just remember 
that this is a tough one — so take it easy. 

8-1. SIMPLE CIRCUITS 

From the lessons already studied, we 
know that for electricity to flow, there must 
be a conducting path. Only then can elec¬ 
trons move from atom to atom to produce 
electric current. We know that this path must 
be continuous (unbroken). We call such a 
path a circuit . If the conducting path is bro¬ 
ken at any point, the flow of current stops. 
For example, in Fig. 8-1 a, we see a battery, 
a switch, and a lamp connected together. 
Current cannot flow because the switch is 
open. We call this an open circuit . However, 
in Fig. 8-16, which shows the switch closed, 
current flows; the lamp lights because the 
circuit is complete. We call this a closed 
circuit. 

If a wire is connected from one side of 
of the battery to the other, as shown in Fig. 
8-lc, no current flows through the lamp even 
when the switch is closed. Instead, the 
current flows only through the battery and 
the shorting wire. We call this a short circuit. 
When a good conducting path, such as the 


shorting wire, produces a short circuit, 
it offers a very heavy load to the battery. 
The battery soon becomes polarized and 
unable to produce any useful yoltage. 
Because of the high current that flows, 
excessive heat is developed, and a fire 
may result. 

If an electric power line is shorted, the 
generator, which is the source of the power 
must be protected from the effects of a short 
circuit. It is protected by fuses or other 
devices that open the circuit when the current 
exceeds a safe level. Even battery circuits 
sometimes have fuses, as showil in Fig. 8-Id. 
When the current reaches a certain level, 
the metal link in the fuse melts, and the 
circuit becomes open as shown in Fig. 8-le. 

8-2. SERIES CIRCUITS 

In electrical circuits, it is often nec¬ 
essary to connect two, three, or more resis¬ 
tors or other electrical units together. When 
these circuit parts are connected end to end, 
so that there is only one conducting path in 
which current may flow, we call it a series 
circuit. For example, in Fig. 8-2a, we find 
a resistor and a lamp connected in series 
across a battery to form a series circuit. The 
current flowing from the battery, through the 
lamp, through the resistor, and back to the 
battery, is the same. If we measure the 
current in any part of a series circuit, we 
find that the same current flows. For ex- 
ample, in the series circuit shown in Fig. y 
8-26. the current f lowing through the”TEx ee^ 
resistors is the same. Therefore, 

m _ 

/ l R 1 " ! R 2 , Rl\ 

From this we may form a rule for series 
circuits: In a series circuit , the same current 1 
flows in each part of the circuit. 
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(a) AN OPEN CIRCUIT 
switch open - no current 


(b) A CLOSED CIRCUIT 
switch dosed * current flows 


dosed switch 



(C) A SHORT CIRCUIT 

current flowing only in shorting wire and battery 




(e) A CIRCUIT WITH BLOWN FUSE 
fuse open * no current flows 


Fig, 8-1 


In the last lesson, you learned that the 
resistance of a conductor, such as copper 
wire, is in proportion to the length of the 
conductor. For example, the resistance of 
one thousand feet of No. 30 copper wire is 
equal to 103.2 ohms. The resistance of two 



thousand feet of the same wire is equal to 
twice 103.2 ohms, or 206.4 ohms. Tne resist¬ 
ance of three thousand feet is equal to three 
times 103.2 ohms, or 309.6 ohms. Suppose we 
have three separate one thousand-foot 
lengths of this wire, as shown in Fig. 8-3a. 

r-VA-*-| 

R / 

r 2 

R 3 

-W\,-J 

(•»lR,- X * e ’ Z *3 



Fig. 8-2 
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Each length has a resistance of 103.2 ohms. 
If we connect them together, end to end as 

firslt & \ S ^ Fl fj 8 * 3 b ’ the resista nce of the 
ength adds to the resistance of the 

second length and to the resistance of the 
third length. So, the total resistance is 
equal exactly to the resistance of one 
three-thousand foot length of wire. If f or 

use h l°oV? e K 103 ‘ 2 '° bm Sections of wire. we 
end f ' resistors and connect them 
end to end, as shown in Fig. 8-3 c, the total 
resistance is still 309.6 ohms. 

From this we can see that the total re- 
£istan ce_ oj_ tuw_or more r_esistors con nected 
ZLZwes jjjqual to The T^hTi^id^l 

— “Pie, FfiTg^riE^ 

three resistors connected in series across a 
6 -volt battery. The value of R is equal to 
10 ohms the value of R is X equal to 20 
ohms, and the value of R 2 is equal to 30 
ohms. Without counting the internal resis¬ 
tance of the battery (which is normally very 
“,), the totai resistance of this circuit is 
equal to the sum of the individual resist¬ 
ances, or 


+ + R. 


R t = R i „ 2 

R t = 10 + 20 + 30 = 60 ohms 

To fmd the amount of current flowing in 
the circuit, we use Ohm’s Law again. Cur¬ 
rent equals voltage divided by resistance, 

/, - *. 

R. 


or: 


/. 


t ’ — = 0.1 ampere 

60 


.. kn ° W , C J at the same current flows in 
each part of the series circuit. So: 


103. 2j~l 


/03.2sl 


/03.2si 


□ C 


t.ooo feet 


3 C 


1,000 feet 
(a) 


ijooo feet 


!03.2sx + 103.2 sx + 


103.2 si 




1,000 ^ eef + i.ooo feet + 1,000 feet 
(b) 


II -- 309.6si 


°—wv 




103.2sl 


!^v_ 


!03.2sx. 

(C) 

—AAA— 

*! 


-AM- 0 * 309 6sx 

/03.2si 


rAA/V 
1 



30 SL K 

Fig. 8-3 


R 2 


= I 


x R. 


R 2 


E 


R 3 


R 2 ~ ll 2 

0.1 x 20 = 2 volts 


l R 3 x R*, 


E 


R 3 = 0.1 x 30 = 3 volts 

If we add the voltage drops across R,, 
« 2 , ana # 3 . we find that the sum is 6 volts 
which is exactly equal to the applied voltage 
(battery voltage). From this, we can make 
another rule: d in 

a s e ri £ s_ £ ir£uit_i£ _equad to the OQ plied vol¬ 
tage, or: ^——-—- 


E R 1 = 7 ftl x Rl 

E Rl = 0 . 1 X 10 =5 


1 volt 


J Wa ^ we can find the vohaee 

Ir Tdtf /difference 
or a difference in voltage. 


(applied) ■ E sl+ £ S 2 + i S3 , 


etc. 


8 - 3 . SERIES FILAMENT CIRCUITS 

Series circuits are used in some electric- 
rai way or trolley-car lighting systems. The 
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(a) LAMPS IN SERIES 



Fig. 8-4 

supply voltage is usually high. So, in order 
to use standard 110-120-volt lamps, the 
lamps are connected in series, as shown in 
Fig. 8-4a. The illustration shows ten 110- 
volt lamps connected in series across 1.100 
volts. The voltage drop across each lamp is 
110 volts; the sum of the voltage drops 
across the lamps is equal to the applied 
voltage. Another use of the series circuit 
is in the filament or heater circuit of an 
a.c.-d.c. radio receiver. Radio tubes are 
heated by applying voltage across small 
electric filaments or heaters inside the tube. 
In many 6-tube a.c.-d.c. radios, four of the 
tubes have 12.6 volt heaters, and two have 
35-volt heaters. If we add these, we find the 
total voltage is approximately 120 volts. So, 
the heaters of these tubes are normally 
connected in series, as shown in Fig. 8-42>. 

In some cases, the heater voltages of 
the tubes used in an a.c-d.c. receiver do not 
add up to the line voltage. In such cases, it 
is necessary to place a resistor in series 
with the filaments in order to drop the vol¬ 
tage to the amount needed to heat the fila¬ 
ments. For example, some of the earlier 
a.c.-d.c. radios used three 6.3-volt heater 
tubes and two 25- T olt heater tubes. Adding 
these voltages, we find that the total vol¬ 
tage is 68.9 volts. If the line voltage is 120 
volts, then 120 minus 68.9 leaves 51.1 
volts, which must be dropped through a 
resistor. In order to find the value of the 
necessary resistor, we must know how much 
current flows through the heaters of these 
tubes. By looking them up in a tube manual, 
we find that the current for each tube is 
300 ma, or 0.3 amperes.With this information, 




i *03a 


!70si 6.3 V 6.3v 6.3V 25\/ 25v 


FILAMENTS IN SERIES WITH DROPPING RESISTOR 

Fig. 8-5 

we can, now find the value of the voltage¬ 
dropping resistor, or filament-dropping re¬ 
sistor, as some servicemen call it We use 
Ohm's Law, as follows: 


R 


1 


R fil 


51.1 

0.3 


170 ohms 


Fig. 8-5 shows the complete filament circuit. 

When any part of a series circuit burns 
out, is removed, or for any reason becomes 
open-circuited, current stops flowing in 
the entire circuit. Current cannot flow unless 
the circuit is complete. For example, some¬ 
time or other you may have been in a train or 
trolley car where one whole series of lights 
did not work because one was burned out. 
Because this often happens where lights are 
series connected, the lights in cars and 
trains are usually arranged so that every 
other lamp is connected to the same series 
string. In this way, light is still evenly 
distributed, even when one series is open. 
You may have seen lights series-connected 
on a Christmas tree. Then, when one light 
became loosened or burned out, all the 
lights in the series went out. In any radio 
that uses a series filament or heater circuit, 
when one tube burns out or is removed from 
its socket, all of the tubes stop glowing 
because the circuit is broken. 

To find the defective burned-out lamp in 
a string of series-connected Christmas tree 
lamps, we usually make sure that the elec¬ 
tric plug is connected to the outlet and then 
take a good bulb and replace, one at a time, 
each of the bulbs in the series until the bad 
one is found and the series lights up again. 
In much the same way, a serviceman who 
finds an open filament circuit in an a.c.-d.c. 
series-connected circuit may replace each 
of the tubes of the set, one at a time, with 
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one of the same type until he finds out which 
one is burned out. There are other methods 
of locating a defective tube, which will be 
discussed in other lessons. 


8-4. PARALLEL CIRCUITS 

In Fig. 8-6, a lamp is connected to the 
termiaals of a 6-volt storage battery. The 
current flowing in this simple circuit is 
0.15 ampere. The voltage across the lamp 
is 6 volts. If we wish, we .may calculate the 
resistance of the filament in the lamp (when 
hot) by using Ohm’s Law. 

R = A 

1 

R =6 +0.15 

R = 40 ohms 



Fig. 8-7 

current flowing through lamp #2 flows through 
a connecting wire from the negative ter¬ 
minal of the battery, through the lamp, and 
through the connecting wire to the positive 
terminal of the battery. The current in lamp 
#1 is not the same as the current flowing in 
lamp #2. The total current drawn from the 
battery is equal to the current flowing 
through lamp #1 added to the current flowing 
through lamp #2. Therefore: 


This circuit is called a simple circuit . 
It is not a series circuit. The lamp is con¬ 
sidered to be across the terminals or in 
parallel with the terminals of the storage 
battery and not in series with them . This is 
an important fact. 

Let us connect another lamp to the bat¬ 
tery, as shown in Fig. 8-7. This lamp draws 
0.25 ampere. The current flowing through 
lamp #1 flows from the negative terminal of 
the battery through the connecting wire to 
the lamp, then through the connecting wire 
to the positive terminal of the battery. The 


h + l 2 


/ t = 0.15 + 0.25 = 0.40 ampere 


Lamp #2 has the same 6 volts across it as 
lamp %1 has. So, we may calculate the re¬ 
sistance of lamp#2 (when hot) by: 


R 


L2 


R 


L2 


h 

6 

0.25 


24 ohms 



Fig. 8-6 


Because there are two separate paths in 
which current flows, this is not a series 
circuit. Instead, it is called a parallel cir¬ 
cuit. A parallel circuit is one that has two 
or more branches (paths) where one terminal 
from each branch is connected electrically 
to a common potential of the same polarity 
and where the remaining terminal of each 
branch is connected electrically to a common 
potential of opposite polarity. 

In Fig. 8-8, three resistors are connected 
in parallel. The voltage between points A 
and B is equal to the voltage of the battery — 
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THREE RESISTORS IN PARALLEL 


Fig. 8-8 

6 volts. So, the voltage across R is the 
same as the voltage R 2 and the same as the 
voltage across R This enables us to write 
our first rule for parallel circuits: The vol¬ 
tage across one branch of a parallel circuit 
is the same as the voltage across any other 
branch and is equal to the applied voltage. 

Using Ohm s Law, we find the current 
flowing in each of the three parallel 
branches as follows: 


This permits us to write the second rule for 
parallel circuits: The total current in a 
parallel circuit is equal to the sum of the 
currents flowing in the individual branches. 


8-5. TOTAL RESISTANCE OF A PARAL¬ 
LEL CIRCUIT 

Knowing the total current flowing at the 
terminals of the battery, we can use Ohm’s 
Law to calculate the total resistance be¬ 
tween points A and B: 


~ ~T ~ — =6 ohms 

1 1 1 

So, a 60-ohm, a 20-ohm, and a 10-ohm re¬ 
sistor connected in parallel have a total 
resistance less than the value of any one 
of the resistors by itself. To find the total 
resistance of two or more resistors con¬ 
nected in parallel, we cannot add them as 
we do when they are connected in series. 
Instead, we use a different formula. 


/ 


R 1 


E 

R, 


R 1 


6 

77T = 0-1 ampere 


/ 


R 2 



6 

= ~T~ = 0.3 ampere 


R 3 



6 _ 

10 


0.6 ampere 


The current flowing from the negative ter¬ 
minal of the battery to point B and the 
current flowing from point A to the positive 
terminal of the battery is the total current 
and is equal to the sum of the branch cur- 
rents. Thus: 

l * l Rl + l R2 + ! rs 

l t = 0.1 + 0.3 + 0.6 

= 1.0 ampere 


Of course, we know that the total re¬ 
sistance of a parallel circuit is equal to the 
total voltage divided by the total current, 
but this is not very helpful when we want to 
know, for example, what value of resistance 
we get when we combine two resistors in 
parallel. One formula that we can use, once 
in a while, says: The total resistance of 
equal resistors in parallel is equal to the 
value of one of the resistors divided by the 
number of them connected in parallel . For 
example, two 500-ohm resistors connected 
in parallel have a resistance equal to 500 
(the value of one of the equal resistors in 
parallel), divided by 2 (the number of re¬ 
sistors), or 250 ohms. We find the total re¬ 
sistance of four 600-ohm resistors in parallel 
similarly: 


* 600 

~ - = 150 ohms 

4 

Of course, this formula can be used only 
when we connect resistors of equal value in 
parallel. 
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Another formula we can use isr The total 
resistance of any two resistors connected in 
parallel is equal to their product divided hy 
their sum. Or: 


Product x #2 

R t = - = - 

sum R x + R 2 

For example, let R 1 equal 20 ohms and 
R 2 equal 60 ohms. Then: 


R = ^lx^2 _ 20 x 60 

4 ” + R 2 ~ 20 + 60 

= = 15 ohms 

80 

This is the easiest and most popular method 
used to find the total resistance of resistors 
connected in parallel. It may be used to find 
the total resistance of three or more re¬ 
sistors connected in parallel by working in 
two or more steps. For example, Fig. 8-9 
shows three resistors connected in parallel. 
To find the total resistance of this circuit, 
we find the resistance of two of the parallel 
resistors first. Then, we find the total re¬ 
sistance by finding the product of this 
resistance and the resistance of the remain¬ 
ing resistor over the sum of the two re¬ 
sistances. 


For example: 


R 


1&2 


^1 X ^2 
*1 + * 2 . 


= 19,200 
320 


240 x 80 

240 + 80 
60 ohms 


then: 


R. 


R l&2 x ^3 

^ 1&2 + ^3 


60 x 20 
60 + 20 


= 15 ohms 

80 


To find the total resistance of four 



Fig. 8-t 


resistors in parallel, find the resistance of 
the first two and then the resistance of the 
second two. Then find R t by dividing the 
product of the two answers by the sum of 
the two answers. 


Reciprocal Method. The total resistance 
of two or more resistors connected in parallel 
may be found by still another method. We 
call it the reciprocal method. The reciprocal 
of any value or number, as you know, is 
equal to 1 divided by the value or the num¬ 
ber. For example, the reciprocal of 25 is 
equal to 1 divided by 25 (1/25), which 
equals 0.04. Using the reciprocal method, 
R t is equal to: 


1 

± + J_+ ± 

R ^ ^ 3 > etc * 

To see how this formula works, let’s use it 
to find the total resistance of the three re¬ 
sistors in Fig. 8-9, the same value that we 
just found by the product-over-the-sum method. 


R x R 2 R^ 240 80 20 

Next we must find the common denominator, 
which is 240: 



240 240 240 


= 1 


240 

x 


1 

T? 

240 


16 


15 ohms 
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8-6. PARALLEL-SERIES CIRCUITS 

In radio and television, we often find a 
circuit that is a combination of series and 
parallel circuits. For example, Fig. 8-10a 
shows a parallel-series circuit. Branch A 
and branch B are in parallel. However, 
branch A is made up of two resistors in 
series (R^ and R 2 ), while branch B consists 
of three resistors in series (R^, R 4 , and R 5 ). 
To find the total resistance of a parallel- 
series circuit, we use the series circuit rules 
to find the resistance of the parts that are in 
series. Then we must apply the parallel 
circuit rules to find the resistance of the 
parallel branches. The order in which these 
rules are applied depends upon what is 
known about the circuit. For example, if the 
value of each resistor is given, as in the 
circuit shown in Fig. 8-10a, we first find the 
total series resistance in each branch before 
we find the total resistance of the parallel 
branches. So: 



(a) 



Fi*. 9-10 


^Branch A 

40 

+ R 2 
ohms 

= 30 

+ 10 

^Branch B 

*3 

+ 

*4 

+ *5 

= 20 

+ 

40 

+ 

60 

= 120 

ohms 


Fig. 8-106 shows the resistance of each 
branch as a single resistance. To find the 
total resistance of the two branches we use 
the product over sum method. So: 


R. 


R R 

Branch A x Branch B _ 

R d 

Branch A "h Branch B 


40 x 120 = 4800 

40 + 120 160 


30 ohms 


Let’s take another look at the circuit 
shown in Fig. 8-10a. The voltage of the 
battery is 6 volts. From the drawing and 
from the parallel circuit rules, we know that 
the total voltage (6 volts) appears across 
Branch A and across Branch B . However 
the total voltage does not appear across 
either R^ or R 2 or across any one of the 
resistors in Branch B . For example, part 
of the 6-volts appears across R l% The rest 
of the 6-volts appears across R 2 . To know 
how much is across each resistor, it is 
necessary to know first how much current 
flows in Branch A. To find this, we use 
Ohm’s Law. So: 


/ 


A 



jS_ 

40 


0.15 ampere 


Therefore, the current flowing in Branch A 
and resistors R 1 and R 2 is equal to 0.15 
amperes. To find the voltage across R^, we 
use Ohm’s Law: 


E R l = Z «l X R-i = 0.15 X 30 
- 4.5 volts 

and to find the voltage across R 2 : 

Rr 2 = Ir 2 x ^2 ~ 0*15 x 10 
= 1.5 volts 

In the same way, we can find the voltages 
across R^, R 4 and R^ in Branch B. First we 
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must find the current flowing in Branch B: 


8-7. SERIES-PARALLEL CIRCUITS 


I ft = —£ = __j?_ = 0.05 ampere 

r B 120 

Therefore, the current flowing through 
Branch B and resistors R^ t R and R^ 
equals 0.05 ampere. So: 

£#3 = ^ 7?3 x ^3 = 0.05 x 20 = 1 volt 

^R4 = 7 /?4 x #4 = 0.05 x 40 = 2 volts 

&r 5 =7/^5 X ^5 = 0.05 X 60 = 3 volts 

We can check our answer by adding 6 ^ 3 , 

£ i?4> and E R5 : 

1 + 2+3 = 6 volts 

We know the answer is right when the sum 
of the voltage drops of the branch is equal 
to the voltage across the branch* 

There are many kinds of parallel-series 
circuits; therefore a general order of steps 
for solving all such circuits cannot be given. 
Much depends upon the particular circuit and 
the .information available about the circuit. 
However, most of these circuits may be 
solved by applying Ohm’s Law and the rules 
for series and parallel circuits. 


A series-parallel circuit is made up of 
one or more groups of parallel resistors in 
series with each other or in series with one 
or more single resistors. Fig. 8 -lla shows 
the simplest form of series-parallel circuit. 
It shows a single resistor (R^) in series 
with two resistors ( R 2 and R 3) in parallel. 
To complete the circuit, this combination is 
connected to the terminals of a 6 -volt battery. 
To find the total resistance offered by these 
three resistors, we need to apply, once a- 
gain, the rules for both series and parallel 
circuits. To begin, we must find the equiva¬ 
lent resistance of 16 ohms in parallel with 
48 ohms. So: 

R _ * R J_ _ 16 x 48 

^ ^ /? 2 + ^3 16 + 48 

768 

= - = 12 ohms 

64 

It is a good idea to redraw the circuit, show¬ 
ing in series with the equivalent of R 2 
and R 3, as shown in Fig. 8-116. The three 
resistors shown in Fig. 8 -lla have the same 
effect on the battery as a 6 -ohm resistor in 
series with a 12 -ohm resistor as shown in 
Fig. 8-116. To find the total resistance: 


R 2 = / 6^ 



AAA/-'"n/W- 

R/ = 6^. R 2,3 = l2 -^~ 


E A = 6V 


(b) 


Fig. 8-11 


R t = R^ + R 2 3 = 6 + 12 = 18 ohms 

The total voltage of the 6 -volt battery is 
not across the two parallel resistors R and 
R 2 because part of the voltage is dropped 
through the series resistor R 1 . To find the 
voltage across each resistor, we first find 
the total current flowing in the complete cir¬ 
cuit. So: 



1 . 

3 


ampere 


To find the voltage drops in this circuit, 
it is better to use the simplified drawing in 
Fig. 8-116. In this drawing, wje can readily 
see that the total current flows through R 1 

and the equivalent resistance of ft 2 and R^ a 
Therefore, 
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e Ri ~ l Ri x Ri 


1 

— x 6 = 2 volts 
3 


To find the voltage across the parallel 
pair, we could just subtract the voltage 
across R ^ from the applied voltage (6 — 
2=4 volts). However, to prove it, we use 
Ohm’s Law: 

1 

E R 2,3 = 7 /?2,3 * R 2 , 3 = Y X 12 = 4 volts 


Looking at Fig. 8-11 a, we know that the 
current travels from the negative terminal of 
the battery and divides, part going through 
R 2 and the rest going through R y The sum 
of these two currents flows through R 1 and 
returns to the positive terminal of the bat¬ 
tery, To find how much current flows through 
R 2 an d how much current flows through R 
we can again use Ohm’s Law: 

A _L 

16 ’ 4 

_4_ = _ 1 _ 

48 ~12 

We know that the current flowing through 
R 2 added to the current flowing through R^ 
should equal the total current / t . To check 
this we add 1/4 ampere and 1/12 ampere. 
We see that the lowest common denominator 
is 12 , so: 

1 1 3 . 1—4 — 1 

7 12 ' 12 + 12 ' 12 " T ampere 

Another series-parallel circuit is shown in 
Fig. 8-12. It looks a lot more complicated than 
the first series-parallel circuit. However, 
while there is a little more work to be done 
in getting all the answers, the same rules 
apply; it really isn’t much more difficult 
than the first circuit. Before we try to find 
out the total resistance of a circuit like this, 
it is necessary to examine the circuit care¬ 
fully and to lay out a plan of action. To find 


"R2 


R 2 


and 


l R 3 


"R3 



the total resistance of a series-parallel cir¬ 
cuit, where all of the individual resistor 
values are known, it is usually best to start 
working with the resistors farthest away 
from the source of voltage. Let’s see why 
this is so. If we examine the path of current 
flow from the negative electrode of the bat¬ 
tery, we find that current flows through R 
and divides at point A; part of it flows 
through R 2 and the rest flows through R^ 
and R^. These two currents come together 
at point B and flow through R± to the posi¬ 
tive terminal of the battery. So, if we want 
to treat R x , R 2 , and R^ as a series circuit, 
whose total resistance must be found first, 
we find that we cannot. We know that the 
same current flows through each part in a 
series circuit. We also know that R 2 carries 
only part of the current flowing through 
R x and R^. Therefore, R x , R 2 , and R^ do not 
make a series circuit. However, we do know 
that the current divides, part flowing through 
R 2 and the rest through R^ and R^. It looks 
therefore, as if R 2 and the combination of 
^4 and R^ are in parallel, which is the case. 
This being so, it is necessary to find the 
equivalent resistance of these two parallel 
branches. To do this, we must first find the 
total value of R 4 and R^ in series. This 
brings us back to our first statement, that we 
usually start with the resistors farthest from 
the source of voltage. These resistors are 
^4 and R Therefore: 

^ 4 ? 5 = ^4 + = 7 + 11 = 18 ohms 


At this point, it is a good idea to make a 
simplified drawing like the one as shown in 
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must find the current flowing in Branch B: 


8-7. SERIES-PARALLEL CIRCUITS 


Ig = —— = _= 0.05 ampere 

r B 120 

Therefore, the current flowing through 
Branch B and resistors ft^, R 4 , and R 5 

equals 0.05 ampere. So: 

= ^ft 3 x ^3 = 0.05 x 20 = 1 volt 

= l R4 x ^4 = 0.05 x 40 = 2 volts 

= /#5 x ^5 = 0.05 x 60 = 3 volts 

We can check our answer by adding £# 3 , 
Er a , and E R5 : 

1 + 2+3 =6 volts 

We know the answer is right when the sum 
of the voltage drops of the branch is equal 
to the voltage across the branch* 


A series-parallel circuit is made up of 
one or more groups of parallel resistors in 
series with each other or in series with one 
or more single resistors. Fig. 8 -lla shows 
the simplest form of series-parallel circuit. 
It shows a single resistor ( R j) in series 
with two resistors (ft 2 and R 3 ) in parallel. 
To complete the circuit, this combination is 
connected to the terminals of a 6 -volt battery. 
To find the total resistance offered by these 
three resistors, we need to apply, once a- 
gain, the rules for both series and parallel 
circuits. To begin, we must find the equiva¬ 
lent resistance of 16 ohms in parallel with 
48 ohms. So: 

ft 9 R % ^ Xo 

R = 2 x 3 _ 16 x 48 

2,3 #2 + R 3 " 16 + 48 

768 

= - = 12 ohms 

64 


There are many kinds of parallel-series 
circuits; therefore a general order of steps 
for solving all such circuits cannot be given. 
Much depends upon the particular circuit and 
the .information available about the circuit. 
However, most of these circuits may be 
solved by applying Ohm’s Law and the rules 
for series and parallel circuits. 


It is a good idea to redraw the circuit, show¬ 
ing R 1 in series with the equivalent of R 2 
and ft 3 , as shown in Fig. 8-116. The three 
resistors shown in Fig. 8 -lla have the same 
effect on the battery as a 6 -ohm resistor in 
series with a 12 -ohm resistor as shown in 
Fig. 8-116. To find the total resistance: 


R2 ~ /£--/*. 



R t = /?! + /?2 3 = 6+12 = 18 ohms 

The total voltage of the 6 -volt battery is 
not across the two parallel resistors ft 2 and 
ft^ because part of the voltage is dropped 
through the series resistor ft^. To find the 
voltage across each resistor, we first find 
the total current flowing in the complete cir¬ 
cuit. So: 


AAA/- A x/V^- 

R ! ' R 2,3° l 2- n - 



1 

3 


ampere 


IF 


lb) 

Fig. 8-11 


To find the voltage drops in this circuit, 
it is better to use the simplified drawing in 
Fig. 8-116. In this drawing, wje can readily 
see that the total current flows through R 1 

and the equivalent resistance of ft 2 and ft 3 . 
Therefore, 
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E R l = foi x R-i ~ — x 6 = 2 volts 

To find the voltage across the parallel 
pair, we could just subtract the voltage 
across R^ from the applied voltage (6 — 
2=4 volts). However, to prove it, we use 
Ohm’s Law: 

1 

E R 2,3 = ^2,3 * R 2,} = Y X 12=4voltS 

Looking at Fig. 8-11 a, we know that the 
current travels from the negative terminal of 
the battery and divides, part going through 

an d the rest going through Ry The sum 
of these two currents flows through R 1 and 
returns to the positive terminal of the bat¬ 
tery To find how much current flows through 
R 2 an d how much current flows through R^, 
we can again use Ohm’s Law: 

— ± ± 

Ir2 ~ R 2 16 ~ 4 

and 

J E R3 = _4_ 1 

R3 " ~R^ 48 12 

We know that the current flowing through 

added to the current flowing through R^ 
should equal the total current /. To check 
this we add 1/4 ampere and 1/12 ampere. 
We see that the lowest common denominator 
is 12 , so: 

1 1 3 , 1 _ 4 _ 1 

T + 12 ■ 12 + U ' 12 ' l- ai "P" e 

Another series-parallel circuit is shown in 
Fig. 8-12. It looks a lot more complicated than 
the first series-parallel circuit. However, 
while there is a little more work to be done 
in getting all the answers, the same rules 
apply; it really isn’t much more difficult 
than the first circuit. Before we try to find 
out the total resistance of a circuit like this, 
it is necessary to examine the circuit care¬ 
fully and to lay out a plan of action. To find 



the total resistance of a series-parallel cir¬ 
cuit, where all of the individual resistor 
values are known, it is usually best to start 
working with the resistors farthest away 
from the source of voltage. Let’s see why 
this is so. If we examine the path of current 
flow from the negative electrode of the bat¬ 
tery, we find that current flows through R^ 
and divides at point A; part of it flows 
through # 2 and the rest flows through R^ 
and R^. These two currents come together 
at point B and flow through R^ to the posi¬ 
tive terminal of the battery. So, if we want 
to treat R^, R 2 , and R^ as a series circuit, 
whose total resistance must be found first, 
we find that we cannot. We know that the 
same current flows through each part in a 
series circuit. We also know that R 2 carries 
only part of the current flowing through 
R l and R^. Therefore, R ly # 2 , and R ? do not 
make a series circuit. However, we do know 
that the current divides, part flowing through 
R 2 and the rest through R^ and R^. It looks 
therefore, as if R 2 and the combination of 
R 4 and R^ are in parallel, which is the case. 
This being so, it is necessary to find the 
equivalent resistance of these two parallel 
branches. To do this, we must first find the 
total value of R^ and R^ in series. This 
brings us back to our first statement, that we 
usually start with the resistors farthest from 
the source of voltage. These resistors are 
and R^. Therefore: 

+ ^5 = 7 + 11 =18 ohms 

At this point, it is a good idea to make a 
simplified drawing like the one as shown in 
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*/ 



Fig. 8-13 

Fig. 8-13. With such a drawing, we can see 
that the next step is to find the equivalent 
resistance of 54 ohms in parallel with 18 
ohms: So: 

R = — - * 4,5 = — - 18 = 972 

R 2 + *4,5 54 + 18 72 

= 13.5 ohms 

Again, redraw the circuit to look like the 
one shown in Fig. 8-14. Now we can see 
that all that remains is to add three re¬ 
sistance values to get R r So: 

R . " R l + fi 2,4.5 + *3 

= 3 + 13.5 + 6 = 22.5 ohms 

To find the total current, we use Ohm’s Law: 



Fig. 8-14 

E R1 = f Ri x = 4 X 3 ■ 12 volts 

E R2,4,5 ~ ! R2,4,5 x *2,4,5 = 4 X 13.5 
= 54 volts 

*/?3 = 7 /?3 * * 3 =4x6 = 24 volts 

Adding these voltages, we find that 

12 + 54 + 24 exactly equal the 90 volts of 
the battery. 

Let’s shift back to Fig. 8-13. We find a 
simple parallel combination of 54 ohms and 
18 ohms. The voltage across each branch is 
the same. This is a very important point to 
remember, so that at some time or other you 
won’t be tempted to count the voltage a- 
cross parallel branches more than once. To 
find the current flowing in each of these 
parallel branches, we use Ohm’s Law: 



90 - 4 

- - 4 amperes 

22.5 



54 

54 


1 ampere 


At this point, it may become a little 
easier to understand why we should use the 
simplified drawings shown in Fig. 8-13 and 
8-14. Suppose we want to know the voltage 
drops across each resistor in the circuit 
shown in Fig. 8-12, By using Fig. 8-14 it is 
easier to see that the 90 volts of the battery 
is divided into three parts. One part is a- 
cross R y another part is across the equiva¬ 
lent resistance of # 2 , 4,5 and still another 
part is across R y It is also easier to see 
that the total current (/ t ) flows through R x 
and the combination of R 2>4 5 and R 3 . We 
must find these voltage ’drops by using 
Ohm’s Law: 


We can easily find the remaining current 
flowing through the combination of £ 4 5 by 
subtracting the 1 R2 from the / t (4 — 1 =3 
amperes). However, we can check our work 
by calculating current with Ohm’s Law: 


'*4,3 * ■ * ■ 3 amperes 

R 4,5 18 

To find the voltage drops across R, and R,, 
we apply Ohm’s Law again: 


E R4 = ! R4 ^ *4 


E R5 = 7 «5 x *5 


3 x 7 = 21 volts 
3 x 11 =33 volts 


X 
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Checking, we find that 21 + 33 = 54 volts, 
which is the amount we found across the 
parallel branches. 


8-8. COMBINING RESISTORS 


Servicemen sometimes find it necessary 
to combine two or more resistors to get a 
needed resistance value. Sometimes this is 
done by connecting two resistors in series 
to add their values. For example, if al,500- 
ohm resistor is needed and we have al,000- 
ohm resistor and a 500-ohm resistor, by 
connecting them in series we get a total re¬ 
sistance of 1,500 ohms. In other cases, 
resistors are connected in parallel to obtain 
a needed value. For example, two 3,000-ohm 
resistors connected in parallel make: 


R 


3,000 

2 


= 1,500 ohms 


Sometimes a radioman has a resistor of a 
certain value and he wants to know what 
value of resistance may be connected in 
parallel with this resistor to produce a 
needed amount of resistance. In such cases, 
the following formula is used: 


where: 


= resistance of first resistor 

R 2 = resistance of the resistor that, 
when placed in parallel with the first 



(a) PARALLEL LIGHTING AND OUTLET CIRCUIT 


resistor, will produce the needed value 
of resistance 

Rt - total resistance needed 

For example: Suppose that we want to know 
what value of resistance may be used in 
parallel with a 100-ohm resistor to produce a 
total resistance of 25 ohms. Then: 


R. 


R-i x Rt _ 100 x 25 

- R t 100 - 25 


2500 

75 


33-1/3 ohms. 


So, a 33-1/3-ohm resistor placed in parallel 
with a 100-ohm resistor produces a total, re¬ 
sistance of 25 ohms. 


8-9. CIRCUIT APPLICATIONS 


Parallel circuits are widely used in 
supplying electrical power and in design- 
ing radio and television receivers. For 
example, most house wiring makes use of 
the parallel circuit. Fig. 8- 15a shows that 
electric outlets and light sockets are con¬ 
nected in parallel across the power line. 
Most a-c radio and television receivers have 
parallel circuits supplying the heaters or 
filaments. A typical heater circuit is shown 
in Fig. 8-156.- One advantage of a parallel 
circuit is that if one lamp or tube burns out, 
the remaining lamps or tubes still receive 
power and continue to operate. For example, 
some Christmas tree lights are connected 


6.3-V 
source 


> > > > > 


(b) PARALLEL FILAMENT CIRCUIT 


Fig. 8-15 
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in parallel. When the lights are so connect¬ 
ed, it is easy to spot a burned-out light, 
because it just doesn’t glow. 

One disadvantage of parallel circuits 
in homes is that too many lamps or pieces 
of electrical apparatus may be connected 
to the circuit at the same time, so that too 
great a load is placed on the line. When 
this happens, more current may be drawn 
than the wiring is supposed to carry. If the 
circuit has fuses of the proper size, one or 
more fuses may open up. This protects the 
power line and even the house. For, unless 
the power line is properly fused, it is pos¬ 
sible for the power line to overheat and 
cause a fire. If the power is supplied by a 
home generator, overloading the line reduces 
the output voltage and may shorten the life 
of the generator. There are many series-par¬ 
allel and parallel-series combinations used 
in radio- and television-receiver circuits. 
You will meet many of them in later lessons. 

SUMMARY 

The three pules for series circuits are: 

1. In a series circuit, the same current 
blows in each part of the circuit. 

2. The total resistance of two or more 
resistors connected in series is equal to the 
sum of the individual resistances. 

3. The sum of the voltage drops in a 
series circuit is equal to the applied voltage. 

The laws governing parallel circuits are: 

1. The voltage across each branch of a 
parallel circuit is the same and is equal to 
the applied voltage. 

2. The total current in a parallel circuit 
is equal to the sum of the currents flowing in 

total current _ T 





the individual branches. 

3. The total resistance of equal resistors 
in parallel is equal to the value of one of the 
resistors divided by the number of them 
connected in parallel. 

4. The total resistance of any two re¬ 
sistors connected in parallel is equal to 
their product divided by their sum. That is: 

H Product _ x ^2 

Sum R l + R 2 

5. The total resistance of a parallel 
circuit is equal to the reciprocal of the sum 
of the reciprocals of the individual resist¬ 
ances, which is written: 


1 



To solve d-c circuits, it is necessary for 
you to understand Ohm’s Law and the rules 
given above. With this understanding, series 
and parallel circuits are readily solved. 
Without this understanding, you cannot know 
what rules or which Ohm’s Law formula to 
apply to a circuit you are studying. To solve 
parallel-series and series-parallel circuits, 
use Ohm’s Law; use the rules for series 
circuits and the rules for parallel circuits, 
where they apply. 

One easy way to tell the difference be¬ 
tween a series-parallel or parallel-series 
circuit is as follows: Examine the circuit to 
see whether or not the total current from the 
battery or other voltage source flows through 
any one resistor in the circuit. If the total 
current flows through at least one resistor, 
as it does through R ± in Fig. 8-16a, then the 
circuit is series-parallel. If no resistor re¬ 
ceives the total current, as in Fig. 8-166, 
then the circuit is parallel-series. 

current 


divides here 



<b> 

lei -Sevier 


Fig. 8-16 
-♦- 


























